Background
Introduction
Oral squamous cell carcinoma (OSCC) is the most common subset (90%) of oral cancer with a global incidence of 275,000 cases annually [1] , the sixth leading malignancy worldwide [2] . It results from the outgrowth of the mucosal epithelium. Local recurrence and regional and distant metastases can occur even decades after surgery, radiation, and chemotherapy, making OSCC life-threatening [3] . The 5-year survival rate of late-stage OSCC is only 20% [1] . The high disease burden and low survival rate highlight the need to better understand the etiology of OSCC. Established risk factors for OSCC involve long-term betel quid chewing, tobacco smoking, and alcohol drinking [4] [5] [6] . In addition, numerous other possible risk factors have also been proposed. Recently, it has been demonstrated that individuals with Epstein-Barr virus (EBV) infection might be at increased risk for OSCC.
EBV is an oncogenic human herpes virus that contains double-stranded DNA, known as the first human tumor virus [7, 8] . It appears even in asymptomatic individuals, persisting for lifelong latent infection [7] . EBV has been well proposed as a causative agent for several types of epithelial cell malignancies, such as nasopharyngeal carcinoma (NPC) [9] . Furthermore, evidence has shown that EBV is involved in B-lymphocytic cell malignancies, such as Burkitt's lymphoma and Hodgkin lymphoma [7, 10] .
The strength and consistency of EBV DNA present in OSCC indicate a potentially important role of EBV infection on OSCC pathogenesis. However, controversial results have been reported [11] [12] [13] . Therefore, a meta-analysis was conducted to assess the association between EBV infection and OSCC risk.
Methods and materials

Search strategy
The current meta-analysis was conducted based on the Meta-Analysis of Observational Studies in Epidemiology guidelines [14] . Pubmed, Web of Science, Cochrane, and Embase databases for English-language publications and China National Knowledge Infrastructure (CNKI), Wanfang Data, Chinese Scientific Journals Fulltext Database (CQVIP), and China Biology Medicine disc (CBM disc) for Chinese-language publications were searched until or ("head and neck cancer"[Title/Abstract])). Similar search was conducted in the Web of Science, Cochrane, and Embase databases. The references lists of the retrieved articles and previous systematic reviews were also reviewed to identify potential eligible studies.
Study selection
The titles and abstracts of all relevant studies were independently examined by two authors (YYS and MZ) to assess eligibility. Studies were included based on the following criteria: (1) evaluated the association between EBV infection and patients with OSCC through the expression of EBV level (DNA, RNA, or protein) in tissue samples; (2) confirmed histopathological diagnosis of OSCC cases; (3) reported original data; (4) used a case-control study design; (5) employed fresh, frozen, or paraffin-embedded (PE) storage methods; (6) used polymerase chain reaction (PCR), reverse transcription PCR (RT-PCR), real-time quantitative PCR (qPCR), in situ hybridization (ISH), and immunohistochemistry (IHC); and (7) full text available in English or Chinese. Case series, reports, animal models, in vitro studies, reviews, editorials, conference abstracts, and letters without sufficient data were excluded. If multiple publications reported results based on the same study, the most recent article or the article with bigger sample size was included.
Data extraction
The data extraction was performed by two authors (YYS and MZ) independently using a predesigned data extraction form based on the guidelines for meta-analysis [14] . Discrepancies were adjudicated by discussing or consulting with a third author (XLN). The following information was extracted: last name of the first author, year of publication, study location, number of OSCC cases, number of controls, sample size, tissue type, detection method and marker, and control type.
Quality assessment
The Newcastle-Ottawa Scale (NOS) was used to evaluate the methodological quality of the included studies [15] , where five stars indicate moderate to high quality.
Statistical methods
The numbers of OSCC cases and controls were used to calculate the pooled odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) based on weighted pooled measures. Forest plots were generated to visually evaluate the study-specific and pooled effects. Heterogeneity across studies was evaluated using the Cochran's Q test with a significant level of P <0.10 or the I 2 statistic >50% [16, 17] . The random-effects model was used if P <0.10 or I 2 >50%.
Otherwise, the fixed-effects model was used [18] . Sensitivity analysis was performed by omitting one study at a time to examine the influence of an individual estimate on the pooled estimates. Subgroup analyses were also conducted based on key study characteristics (the year of publication, study location, economic level, sample size, tissue type, detection method and marker, control type, and language) which might be the potential sources of heterogeneity. Meta-regression was applied to evaluate the effects of the aforementioned variables on the association between EBV infection and OSCC risk. The cumulative meta-analysis was performed based on the year of publication to observe the temporal trend of the cumulative estimate with increasing sample sizes [19] . Begg's and Egger's tests were performed to examine the potential publication bias [20, 21] . Funnel plot was generated to examine potential publication bias through the visual inspection of asymmetry [22] . All statistical analyses were performed with Stata Version 11.0 (Stata Corp, College Station, Texas). All reported P values were two-sided, with P <0.05 considered statistically significant, except where otherwise specified.
Results
Literature selection
A total of 678 citations were retrieved from Pubmed, Web of Science, Cochrane, Embase, CNKI, Wanfang data, CQVIP, and CBM. After excluding 153 citations due to duplication, 525 unique citations were considered further. Of these, 500 citations were sequentially excluded after the first screening based on the abstracts or titles (Fig 1) . The full texts of the remaining 25 articles were reviewed. After excluding 12 studies, the remaining 13 studies [11 -13,23-32] were finally included in this meta-analysis. Table 1 shows the characteristics of the 13 included studies. The included studies were published between 1995 and 2016. The total number of participants in case and control groups was 686 and 433, respectively. Two studies were conducted in China, two in Japan, two in South Africa, and the other seven were conducted in India, Egypt, Sweden, the Netherlands, Spain, Hungary, and USA. All 13 studies used tissue samples for EBV detection; nine of these used PE tissues and the other four used fresh/frozen tissues. Eight and two studies applied PCR and Nested PCR, respectively, to detect EBV DNA, and the remaining three studies applied RT-qPCR, ISH, and IHC to detect EBV RNA (EBV-encoded small non-polyadenylated RNA 1, i.e., EBER1), EBV DNA (Bam HIW fragment), and EBV protein, respectively. The included studies selected normal oral tissues as controls, including two randomly selected normal oral tissues, two age-matched normal oral tissues, one paracancerous normal oral tissues, one contralateral normal oral tissues, and seven used normal oral tissues. The methodological quality of the included studies were moderate or high with at least five scores, except for one study with only four scores based on the NOS.
Study characteristics
The association between EBV infection and OSCC
Among the 13 studies, the pooled association between EBV infection and OSCC risk was OR 5.03 (95% CI, 1.80-14.01) (Fig 2) . Sensitivity analysis revealed stable results. The estimates did not vary materially ranging from 3.87 (95% CI, 1.42-10.53) to 6.53 (95% CI, 2.45-17.40) (Fig 3) .
Heterogeneity and subgroup analysis
To explore the heterogeneity of the study, subgroup analyses and meta-regression on a number of key study characteristics were performed (Table 2) . EBV infection and OSCC risk were consistently and positively associated in all subgroups, although not all estimates were statistically significant. The pooled ORs (95% CIs) for the association of EBV infection and OSCC from different study locations were 4. Cumulative meta-analysis
A cumulative meta-analysis was conducted to evaluate the temporal trend of the pooled results using random-effects model (Fig 4) . Most cumulative results revealed a positive association 
Publication bias
No publication bias was observed (Begg's test, z = 1.22, and P = 0.222; Egger's test, intercept = 3.45, t = 1.98, and P = 0.073). Visual inspection of the Begg's funnel plot revealed a nearly symmetrical distribution, confirming the absence of publication bias (Fig 5) .
Discussion
The results of the 13 studies included in this meta-analysis suggest a positive association between EBV infection and OSCC risk, which was also shown in the results of the subgroup analyses, although not all of them were statistically significant. No publication bias was detected. In addition, the results were not driven by any single study based on the findings in the sensitivity analysis. Based on the results, EBV infection might be, therefore, associated with an increased risk of OSCC. Viral infections were mediators of malignant proliferation in the head and neck squamous carcinoma [33] . An EBV-associated malignancy is associated with viral proteins that regulate the proliferation, immune response, and cell apoptosis [34] . EBERs are small noncoding RNAs and serve as active EBV infection markers. Latent membrane proteins (LMPs) aid in activating the signaling pathways connected to EBV persistence, whereas EBV-determined nuclear antigens (EBNAs) regulate gene expression. The EBV oncoprotein LMP-1 constitutively activates nuclear factor-kappa B (NFκB), which play a pivotal role in EBV-immortalized B-cells survival. Regarding to the EBV-encoded proteins, BHRF1 protein presents 25% sequence homology with the bcl-2 proto-oncogene and protects cells from apoptosis. LMP-1 and EBNA-5-protein inhibit p53-mediated apoptosis [33, 34] . NPC has been associated with EBERs, EBNA1, LMP-1, LMP-2, and BARF0. The products of these genes affect the cell immortalization and viral genome replication [7] . However, whether EBV affects the carcinogenesis of the oral mucosal tissue remains uncertain. Positive reactivity of the EBV products might show similar contribution to OSCC cases. The association between EBV infection and OSCC risk has been inconclusive in the available literature. The controversial results might be partly due to the differences in the methodologies or techniques applied to detect EBV in OSCC samples. Techniques used in detecting EBV, such as PCR, Nested PCR, RT-qPCR, IHC, and ISH, vary. Correspondingly, two general targets, namely, the viral products (encoded RNAs and proteins) and viral genome DNA, were used to detect EBV [26, 28, 29, 31, 32] . The sensitivity and specificity varied depending on the techniques, leading to different associations between EBV infection and OSCC [35] . Furthermore, several methods should be performed in a single experiment because of frequent weak expression of the transforming gene [26] .
The results of this study indicated that EBV DNA, mRNAs, and EBV proteins were expressed in the majority of OSCC cells [26, 28] . Two EBV DNA regions (Bam H1W and EBNA2) were detected in OSCC tissues (Table 1) , showing various abilities in detecting EBV. Bam H1W was chosen in five studies that included 426 cases. A leader sequence contained using the Bam HIW fragment [36] , which is supposed to be an oncogene, makes it a good biomarker for EBV. Kikuchi et al. [32] reported that the positive rate of EBNA2 in OSCC tissue was 50.2%, whereas the LMP-1 expression was 10.7% in the same sample. This analysis underlines the importance of the PCR marker on estimating the extent of the relationship between EBV infection and OSCC.
Based on our results, the fresh/frozen tissues showed a slightly higher EBV positivity rate (49.09%) than that of PE tissues (48.18%). The results of meta-regression indicate that different methods of sample storage might contribute to heterogeneity of the results (P = 0.03). However, the use of PE tissues promotes easier and simpler DNA detection. Indeed, according to a previous study, Deacon et al. [37] reported that PE tissues had lower detection rate compared with that of the fresh tissues.
Subgroup analyses based on the geographic region indicates a significant positive association between EBV infection and OSCC risk in Europe and USA, which is probably related to heredity and lifestyle. Different socioeconomic statuses might be associated with different EBV prevalence, leading to varied risk of OSCC between developed and developing countries [38] .
The pooled association between EBV infection and OSCC risk differed by the year of publication in the studies published before 2000 and on or after 2000. The pooled estimate was greater among the studies published more recently than the earlier ones, as revealed in the cumulative meta-analysis. The pooled risks of OSCC with EBV infection among studies with larger sample sizes presented a statistically significant and higher estimate than those with smaller sample sizes, indicating that larger sample sizes could enable us to find smaller statistical difference [39] .
Heterogeneity is a common problem in the meta-analyses and would weaken the validity and reliability of the results. Actually, EBV expression highly depends upon the sample type, probably due to the fact that >90% of adults are EBV seropositive and EBV is also often found in the saliva of asymptomatic patients. One possibility, for example, could be that the origin of viral genomes may be from the oropharynx and then appear in the saliva [7, 40] . Therefore, our pre-specified inclusion criteria excluded those studies using peripheral blood, saliva, and oral exfoliated cell samples, we only chose studies detecting the pathological tissue samples to minimize heterogeneity. Studies evaluating the association between other factors and OSCC were excluded because this meta-analysis was mainly designed to assess the relationship between EBV infection and risk of OSCC. Immunosuppression, for example, caused by coinfection with HIV, may be an alternative factor that increases the risk of EBV to infect squamous cells [41, 42] . There is an assumption that viral DNA only acts as a passenger in the OSCC cells or the OSCC cells are susceptible targets and easily get infected, as reported by Horiuchi et al. [43] . However, several other factors may result in a potential bias due to the techniques and assessment of expression, such as the inappropriate study design (neither selecting random nor age-matched sample), differences in techniques and methodologies for detection, interlaboratory variability when using the same test methods, histological classification of tumor tissues, and inaccurate definition of the normal tissues [44] . Further, results of the subgroup analyses and meta-regression reveal that the year of publication, study location, economic level, sample size, tissue type, detection method and marker, control type, and language might be the sources of heterogeneity, but heterogeneity was only partly explained.
To the best of our knowledge, this is the first meta-analysis investigating the relationships between EBV infection and OSCC risk. Nevertheless, a few limitations should be noted. First, high heterogeneity was shown in overall and subgroup analyses, which might add some uncertainty about the magnitude of the conclusion [45, 46] , and should be taken into consideration when interpreted the results. Second, all the included studies were published in English or Chinese, possibly leading to a language bias, although some previous studies suggested that it did not appear to influence the results [47, 48] . Third, there is a concern regarding the potential risk bias. All included studies were retrospective studies, and the integrity of original data and potential recall bias might affect the results [45] . Fourth, the included studies were small-scale case control studies with small sample size, which might lower the precision of the results. Fifth, some studies failed to provide more details regarding the collection of control specimens. Only two studies specified that the control samples were randomly selected, and the other two studies selected age-matched control samples to reduce the selection bias. Finally, residual confounding may be likely. Some studies failed to control confounders such as gender, age, marital status [49] , smoking, alcohol drinking, socioeconomic status, and lifestyles.
Conclusions
Collectively, results of the current meta-analysis reveal that EBV infection is associated with an increased risk of OSCC. Our study provides new insights in understanding OSCC pathogenesis and designing programs to prevent and treat OSCC. Further high-quality and larger sample studies are crucial to confirm the role of EBV in the pathogenesis of OSCC. 
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